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REMOTE  INDICATION  OP  THE  MOISTURE  SUPPLIES  OF  THE  ATMOSPHERE  AND  THE 
UNDERLYING  SURPACE. 

Yu. 

K.  Ya.  Kondrat * yev,  V.  V.  Nelent'yev,  ^ I.  Rabinovich,  Ye.  N. 
Shul'gin. 

(GGO  [Main  Geophysical  Observatory]). 


The  solution  to  the  problea  of  the  adeguate  estiaation  of  the 
water  resources  of  the  ataosphere,  aarine  and  river  basins,  aoisture 
supplies  of  soil,  the  acquiring  ever  acre  important  practical  value, 
is  hinder/haapered  by  the  insufficiency  of  available  observations 
(7].  One  Of  the  aost  promising  aethods  of  obtaining  the  aissing 
inforaation  it  is  connected  with  the  use  of  possibilities  of  the 
reaote  indication.  The  reaote  indication  of  the  natural  aediua  is 
based  on  research  on  the  field  of  the  outgoing  electroaagnetic 
radiation  of  systea  the  Earth  - ataosphere  whose  quantitative 
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characteristics  depend  on  the  parameters,  which  are  determined  by  the 
properties  of  the  underlying  surface  and  ataospheres  [6,  10]. 

This  survey  is  dedicated  to  the  discussion  of  the  different 
aspects  of  microwave  remote  indication  of  the  moisture  supplies  of 
the  atmosphere  and  soil,  based  on  the  use  measurement  data  of  radio 
emission  in  centimeter  band,  which  has  a series  of  advantages  in 
comparison  with  use  for  the  analogous  target/purposes  of  these 
measurements  in  the  infrared  and  visible  regions  of  the  spectrum.  The 
basic  special  feature/peculiarity  of  the  radio  emission  of  range 
0.5-10  cm  is  its  large  informativeness.  So,  the  radio  emission  of 
wavelengths  of  more  than  3 cm  passes  through  the  atmosphere  (even 
containing  the  clouds  of  large  liquid- water  content  and  hydrometeors) 
almost  without  weakening.  This  means  that  the  receiving  radiometric 
instrumentation,  establish/installed  on  flight  vehicle,  obtains  the 
information  about  surface  condition  of  the  Earth,  including 
information  about  the  state  of  water  surface,  the  moisture  supply  of 
the  surface  layers  of  soil,  since,  as  it  will  be  shown  below,  the 
humidity  of  soil  to  a considerable  degree  determines  its  radio 
emission.  On  the  other  hand,  the  emission/radiation  of  shorter 
wavelengths  (0.5-2  cm)  substantially  is  attenuate/weakened  in  transit 
through  the  atmosphere,  the  clouds  and  residue/settlings.  Thus, 
measuring  the  radio  emission  at  these  wavelengths,  it  is  possible  to 
obtain  information  about  the  comaon/general/total  moisture  content  of 
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the  ataosphere,  water  content  of  clouds*  intensity  of  liquid 
precipitations*  extent  of  the  zones  of  residue/settlings. 

The  studies  of  the  properties  of  the  ataosphere  and  the 
underlying  surface  in  the  centiaeter  region  of  the  spectrua  can  be 
conducted  by  the  aeans  of  active  and  passive  radar.  Passive  radar  (IR 
radar)  utilizes  the  highly  sensitive  radioaetric  receivers,  which 
record  its  own  noise  the  radio  eaission  of  the  ataosphere  and  the 
underlying  surface.  Such  receivers  fairly  ccaplicated;  however*  one 
of  the  advantages  of  this  aethod  before  active  radar  is  the  absence 
of  the  transaitter  which  generates  powerful  radio  pulses. 

Page  59. 

Saall  overall  sizes,  saall  requirements  for  the  consuaption  of  energy 
aake  it  possible  to  easily  place  IR  radar  eguipaent  on  aircraft  and 
satellites*  which  aakes  it  possible  to  obtain  the  data  on  the 
properties  of  ataosphere  and  surface  of  the  Earth  on  global  scale  [2* 
8*  10]. 

The  aoisture  supplies  of  the  ataosphere.  the  urgent  problea  of 
satellite  aeteorology  is  the  deteraination  of  ccaaon/gener al/total 
aoisture  content  and  vertical  distribution  of  the  water  vapor  in  the 
ataosphere  [1*  16*  21].  In  the  aicrowave  region  of  the  spectrua* 
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there  is  line  of  the  absorption  of  water  vapo.  at  wavelength  1.35  ca 
which  is  not  overlapped  by  other  lines  of  absorption.  Heasureaent 
data  of  ea ission/r adiat ion  in  this  line  can  be  used  for  the  solution 
of  the  problea  of  the  reaote  indication  of  the  aoisture  supplies  of 
the  ataosphere.  The  width  of  line  X = 1.35  ca  is  approxiaa tely  0.1 
ca'1,  and  the  dependence  of  the  coefficient  of  the  absorption  of  the 
water  vapor  on  frequency  pressure  P and  teaperature  T is 
detoraiaod  by  the  following  foraula: 


aH,o=l,05- 10"28 


flylg-tUIT 


T* 


[ (v— v 


Av, 


+ • 


Av. 


o)2+AvpJ  ' (v  + v0)*+AvpI 
A'v*A> 


] + 


+7,6-10-“  rh  ' cm-' 


(1) 


where  N is  a quantity  of  aolecules  H20  per  unit  of  voluae,  v0  - 
resonance  frequency,  Av>>  - the  half-breadth  of  line,  caused  by 

interaolec ular  collisions; 

iv,=2,6210'-^yij(l+0.0046p)i-',  (2) 

where  P is  ataospheric  pressure,  p is  density  HzO  in  g/a3.  One  should 
in  this  case  note  that  the  problea  of  the  duct  of  spectral  lines 
still  does  not  have  the  conventional  solution  (for  exaaple,  see 
[34]). 
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The  initial  measured  value  during  the  solution  of  the  problea  of 
the  remote  indication  in  question  is  the  radio  brightness  temperature 
of  system  the  Earth  - atmosphere.  The  deteraination  of  this  value  by 
the  integration  of  the  equation  of  transfer  of  aicrovave 
eaiss ion/radiation  is  led  to  the  following  formula,  which  indicates 
ccaaunication/connection  between  the  measured  value  of  radio 
brightness  temperature  and  the  unknown  parameters. 


- Sfc  «,  f M*  * - sec  e,  j"  pi.-' 

T.  = tTpe  '»  + sec0,  \r(2)p£  * dz 


+ 


31/2 

J ^ /■(01,<p116',<p')sin0'cos0'd6'  x 


T -secS'fprf;' 

sec  O'  ) T(z)f*  . • dz 


- see  0,  J*  pir 


(3) 


where  T,  is  temperature  of  the  underlying  surface;  T(z)  - the 
temperature  of  air;  p is  a total  coefficient  of  weakening  in  water 
vapor,  oxygen  and  other  atmospheric  gases;  0*,  *'  - the  angular 
coordinates  of  incident  radiation;  0t  - sighting  angle;  - the 
azimuth  of  sighting;  t is  the  emissivity  of  the  underlying  surface; 
r(04,  ♦ ♦ ')  “ the  brightness  coefficient  of  the  earth's 

surface;  h is  the  height/altitude  at  which  is  placed  the  radiation 


1 
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detector;  z is  a vertical  coordinate. 

Page  60. 

First  ten  in  foraula  (3)  deternines  the  eaission/rad iati on  of 
the  earth's  surface,  weakened  by  the  layer  of  the  atnosphere  and 
reaching  the  height/altitude  at  which  is  arrange/located  the 
radiation  detector,  the  second  - eaissioa/radiation  of  the  layer  of 
the  ataosphere  froa  the  level  of  the  earth's  surface  to 
height/altitude  h,  the  third  - eaission/radiaticn  of  an  entire 
thickness  of  the  ataosphere,  is  reflected  froa  the  earth's  surface 
that  which  was  weakened  by  the  layer  of  the  ataosphere  froa  the  level 
of  the  Earth  to  height/altitude  h. 

Froa  foraula  (3)  it  follows; that  the  aeasured  radio  brightness 
teaperature  depends  on  tenperature,  pressure,  and  the  content  of  the 
water  vapor.  As  shown  in  work  [16],  this  is  nade  it  possible,  in 
particular,  to  utilize  aeasureaent  data  of  radio  brightness 
teaperature  for  deternining  the  coaaon/general/total  content  of  the 
water  vapor  in  the  ataosphere. 

Figures  1 [16]  gives  the  results  of  the  calculations  of  the 
radio  brightness  teaperatures  of  systea  the  Earth  - ataosphere  (X  = 

1.35  ca)  depending  on  a guantity  of  precipitated  water  in  entire 

1 

a 


1 
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Fig.  1.  Radio  eaission  of  system  Earth  - atmosphere  (X  = 1.35  cm); 
sea  mater  (r,- mPK,  *0o/oo)  - 1 - T0  = 2Q8°K#  2 - T*  * 293  °K,  3 - 

T0  ■ 298°K , 4 - T0  = 303°K,  fresh  mater  (r,=273* K):  5 - To  = 

27 3°K,  6 - T0  = 27 8°K ; fresh  mater  * (r,,=283°K).  7 - T0  = 278®Kf 

8 - T0  = 2 83°K,  9 - T0  = 288°K;  fresh  mater  <r,= 293’K):  10  — T0 

= 288®K,  11 -T0  = 293°K , 12.—  T0  = 298°K,  13  - T.  for  real 
airfoil/profiles,  14  “experimental  f.,  T0  • — temperature  of  air  of 
the  surface  of  the  Earth. 

Page  61. 

Work  [16]  also  shoms,  that  on  the  measurements  of  radio  brightness 
temperature  can  be  not  only  determined  common/general/total  content 
of  the  mater  vapor  in  the  atmosphere,  but  also  is  restore/reduced  the 
elevation  profile  of  humidity  - during  the  use  cf  several  frequencies 
mithin  absorption  band. 

Measurement  data  of  the  outgoing  radiothernal  emission/radiation 
are  especially  informative  from  the  point  of  viem  of  determining  the 
characteristics  of  pomerful  cloud  formation/educations  and  detection 
of  the  zones  of  residue/settlings  on  regional  and  global  scales.  The 
radio  eaission  of  clouds  and  precipitation  in  micromave  range 
essentially  differs  in  value  from  the  eaission/radiation  of  the 
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cloudless  atmosphere.  In  the  real  cases  of  cloud  formation/educations 
and  residue/settlings,  the  optical  thickness  r composes  less  than 
0.5,  but  the  probability  of  the  survival  of  quantus  X.<0,1.  since 

stratified  clouds  and  feeble  residue/settlings  have  thickness  r, 

aM- 

which  do  not  exceed  0.2,  X, =0,02—0,04,  the  calculations  of 

■icrowave  eaission/radiation  can  be  performed  without  taking  into 
account  of  scattering  by  the  formula 

T,=  ( 1 — /?)  Tpe-'  •*«  *4-7(1  —e~'  «)  +RT( 1— <?-«  *«  e)e-,  «c » (4) 

where  Tp  is  temperature  of  spreading  surface,  t - the  temperature  of 
the  medium  in  which  occurs  the  radiation  transfer,  r - the  optical 
thickness  of  layer,  9 - an  angle  between  the  standard  to  layer  and 
the  sighting  direction,  R - the  coefficient  of  reflection  of  the 
underlying  surface. 

As  shown  in  work  [17],  from  the  examination  of  theoretical  and 
experimental  data,  it  follows  that  for  the  detection  of  the  zones  of 
cloudiness  and  residue/settlings  it  is  expedient  to  utilize 
measurement  data  on  two  wavelengths:  0.8  and  3.2  cm.  On  X = 0. 8 cm  is 
obtained  the  greatest  radio  brightness  contrast,  and  range  3.2  cm  is 
necessary  for  determining  form  and  temperature  of  the  underlying 
surface,  and  also  the  residue/settlings  at  the  presence  of  multilevel 


cloud  cover 


The  aeasureaents,  Bade  with  the  aid  of  the  IR  radar  equipment, 
establish/installed  on  ISZ  [artificial  earth  satellite] 

"Kosaos-24 3"  [15],  aade  it  possible  to  obtain  the  statistical 
evaluations  of  water  vapor  and  drop  water  above  oceans.  It  was 
reveal/detected  that  the  average/aean  latitudinal  distribution  of 
integral  huaidity  above  cala,  the  Atlantic  and  Indian  by  oceans  is 
siailar.  iork  [15]  shows,  that  the  average/aean  liquid-water  content 
u>i=0,2  kg/a 2 , i.e.,  approximately  lo/o  of  water  is  found  in 
liquid-drop  state,  aeasureaents  were  aade  froa  23  to  27  Septeaber 
1968.  In  accordance  with  season,  the  content  of  the  water  vapor  and 
drop  aoisture  in  the  ataosphere  is  apprcxiaately  1.5  tiaes  aore  in 
the  Northern  Heaisphere,  than  in  south,  with  the  average  on 
terrestial  globe  of  approxiaately  2.4  g/ca*. 
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Pig-  2.  airfoil/profiles  of  radio  brightness  teaparature  r*  on  waves 
0.8  ca  (a)  and  1.35  ca  <b)  , water  supply  of  clouds  Q and  noisture 
content  of  ataosphere  w at  of  intersection  with  orbit  of  satellite  of 
frontal  cloudiness. 

Key:  (1).  kg/a*.  (2).  South  latitude.  (3).  g/ca*. 
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Page  62. 

Pigures  2 gives  the  profiles  of  radio  brightness  teaperature  at 
wavelengths  0.8  (a)  and  1.35  ci  (b)  , the  water  supply  of  clouds  and 
the  aoisture  content  of  the  atmosphere  during  the  intersection  by  the 
projection  of  the  orbit  of  satellite  " Kosaos- 243"  of  frontal 
cloudiness  (on  24  September  1968,  Indian  Ocean,  the  15th  turn)  [1]. 

Thus,  utilizing  spectral  data  on  the  field  of  the  radio  emission 
of  system  the  Earth  - the  atmosphere,  it  is  possible  to  obtain  the 
data  on  the  coamon/general/total  content  of  liquid  and  vaporous 
moisture  in  the  atmosphere  in  global  scale. 

The  aoisture  supplies  of  soil.  In  recent  years  has  been  proposed 
a whole  series  of  the  methods  of  the  remote  sensing  of  the  humidity 
of  soils  [ 31  ],  which  can  be  realized  with  agree,  that  the 
observations  are  accompanied  by  an  estimate  of  the  cloud  cover,  and, 
furthermore,  are  preliminary  data  about  the  observed  territory 
(character  of  soil,  the  type  of  coverings).  Their  number  includes 
following  methods. 


1.  Hethod  of  determining  humidity  from  measurement  data  of  solar 
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radiation  reflected  into  close  of  infrared  region  (1.0-1. 5 pa)  , which 
is  based  on  that  fact  that  reflectivity  strongly  it  decreases  with 
increase  in  hunidity  [32].  The  estiaaticn  of  the  real  possibilities 
of  this  aethod,  which  is  characterized  by  coaparative  simplicity,  is 
hinder/haa pered  by  the  facts  that  thus  far  are  still  insufficient  the 
data,  which  characterize  the  numerical  ratios  between  reflectivity 
and  hunidity.  The  majority  of  these  according  to  reflectivity  soils 
is  related  to  dry  materials  [9,  36].  In  this  case,  is  noted  powerful 
effect  on  the  reflection  of  roughness  and  surface  slope  which  in  nany 
instances  cannot  be  known.  Furthermore,  the  dependence  of 
reflectivity  on  the  type  of  soils  in  certain  cases  is  aore  than  froa 
hunidity.  finally,  the  aost  aain  lies  in  the  fact  that  the  aethod  in 
question  is  inapplicable  in  the  presence  of  cloudiness.  Even  with  the 
cloudless  ataosphere  the  solution  of  problen  is  complicated  by  the 
need  for  account  for  the  transforming  eaission/radiation  effect  of 
the  intermediate  thickness  of  the  ataosphere. 

2.  Is  auch  aore  sensitive  to  hunidity  changes  degree  of 
polarization  that  which  was  reflected  by  soil  of  world/light  in 
visible  region,  that  gave  grounds  for  developing  polarizat iona 1 
aethod  [36].  It  is  important  also  that  in  this  case  considerably  pain 
the  weak  dependence  on  the  type  of  soils  and  roughness.  The  degree  of 
polarization  of  reflected  light  strongly  depends,  however,  on  phase 
angle.  Conducting  satellite  aeasureaents  at  optinua  angle  of 
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approximately  10°  is  possible  only  in  the  narrow  region  of  the  very 
high  latitudes.  To  the  advantages  of  polar izational  aethod  they  are 
related  high  resolving  ability  and  the  possibility  of  its  use  without 
the  need  for  the  realization  of  any  other  neasureaents.  Fundamental 
deficiency/lacks  are  the  nonrealizability  of  aethod  in  the  presence 
of  cloudiness  and  the  need  for  the  account  of  the  effect  of  the 
thickness  of  the  atmosphere. 

3.  Increase  in  heat  capacity  of  soil  with  an  increase  of 
humidity  creates  contrast  of  temperatures  of  surface,  and 
consequently,  thermal  radiation  of  hunid  and  dry  sections  of  soil, 
which  serves  physical  as  basis  of  method  of  deter aination  of  aoisture 
content  from  measurement  data  of  infrared  thermal  radiation,  in  work 
[35],  for  example,  it  was  established  that  in  night  tine  the 
temperature  of  hunid  sections  and  surfaces  of  water  approximately  7° 
is  higher  than  the  temperature  of  the  sections  cf  dry  soil. 
Unfortunately,  not  smaller  than  humidity,  effect  on  infrared 
enission/radiation  exert  the  texture,  the  thermal  conductivity  and 
some  other  characteristics  of  soil  and  at  present  obtained  reliable 
approaches  for  the  separation  of  these  effects. 


4.  Nethod  of  humidity  measurement,  close  in  physical  nature  to 
method  of  passive  radar,  consists  in  measurement  of  reflectivity  of 
coverings,  which  depends  on  humidity,  with  the  aid  of  active  radar 
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[ 18-20,  27  ]. 

Page  63. 

However,  the  iaportant  advantage  of  this  aethod  - the  possibility  of 
the  iaaediate  determination  of  reflectivity,  not  connected  with 
additional  change  of  the  radiation  teaperature  of  surface  in  the 
infrared  region  of  the  spectrua,  unfortunately  does  not  conpensate 
for  its  def iciency /lacks,  caused  by  the  strong  dependence  of  the  echo 
signal  froa  roughness,  the  coaposition  of  soil  and,  aost  importantly, 
by  the  complexity  of  tool  house  technicians. 

5.  Let  us  pause  in  aore  detail  at  discussion  of  possibilities  of 
deteraining  humidity  of  soil  with  the  aid  of  aethod  of  passive  radar 
[3,  11,  26,  31]. 


The  radio  brightness  temperature  of  soil,  measured  in  the 
direction  of  standard,  is  determined  as  follows: 


•»  t 

T,  = t(w)  Ja(u\z)r(2)  exp  ( - Ja(z',  it)dz'^dz, 


(5) 


•kart  - the  eaissivity  of  soil;  a (w,  2)  - the  absorption 

coefficient;  T(z)  - teaperature  profile  in  soil;  w,  z is  huaidity  and 
vertical  coordinate  respectively. 
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T h«  enissivity  of  soil  depends  both  on  its  properties  (soil 
composition,  its  electrical  paraaeters,  the  special 
feature/peculiarities  from  distribution  according  to  depth)  and  on 
the  characteristics  of  interface  (snoothness  or  the  roughness,  the 
presence  of  coverings)  . 

For  a smooth  surface  or  the  surface  a radius  of  roughness  of 
which  is  auch  greater  than  wavelength,  radiation  coefficient  *(“*) 
can  be  deternined  through  the  factor  of  specular  reflection  R(w),  if 
the  radiating  layer  of  soil  is  unifora  in  the  depth: 

t(w)  = \-\R(w)\\  (6) 

Me  obtained  expressions  for  the  coefficients  of  reflection  of 
soil,  linear-heterogeneous  in  depth.  The  analysis  of  these 
expressions  showed  that  for  real  soils  the  effect  of  heterogeneity  on 
reflection  coefficient  snail  and  in  the  first  approximation,  these 
coefficients  can  be  calculated  from  Fresnel's  formulas  (only  at  long 
wave  lengths,  on  the  order  of  60  ca,  for  the  soils,  which  have  dry 
surface,  the  effect  of  heterogeneity  is  substantial). 

H that  case  the  radiation  coefficient  is  determined  dielectric 
by  the  peraeability  of  the  mediua  which  for  soil  in  aicrowave  range 
bears  real  character.  The  real  part  of  the  dielectric  constant  of 
sand  and  clay  and  the  absorption  coefficient  linearly  grow/rise  with 
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an  increase  in  huaidity  [13].  Thus,  the  radio  brightness  temperature 
of  soil  is  the  functional  of  teaperature  and  humidities.  Therefore  in 
the  general  case  the  problem  of  remote  sensing  must  be  the  study  both 
of  the  characteristics  of  moisture  content  and  the  teaperature 
conditions  of  soil. 

Thus,  as  the  physical  basis  of  the  possibility  of  the 
determination  of  the  moisture  content  of  soil  with  the  aid  of  passive 
radar  serves  the  fact  that  with  an  increase  in  the  huaidity  increases 
the  dielectric  constant  of  soil  and,  therefore,  it  decreases  its 
eaissivity  and  radio  brightness  temperature. 

Page  64. 

The  fact  of  a decrease  in  the  radio  brightness  temperature  with 
an  increase  in  the  huaidity  of  soil  distinctly  is  outlined  during 
treataent/working  measurement  data  of  microwave  eaission/radiation 
from  IS7.  "Kosmos-243"  at  wavelengths  0.8-8. 5 cm.  In  works  [2,  3],  it 
is  noted  that  a reduction  in  the  radio  clearness  of  the  sections  of 
continents  to  30-50°  is  observed  in  the  places  of  moistening 
coverings  where  eaissivity  factor  does  not  exceed  0.7-0. 8. 

The  data  of  the  ground-based  measurements  of  radio  brightness 
temperature  confirm  the  fact  of  its  dependence  on  humidity  [ 30,  37  ]. 
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The  aade  in  work  [28]  aeasureaents  of  the  radio  brightness 
teaperature  at  wavelengths  21,  2.2  and  0.81  ca  under  the 
controlled/inspected  terrestrial  conditions  showed  that  its 
sensitivity  to  surface  huaidity  changed  froa  9°K  for  a wavelength 
0.81  ca  up  to  1 2°K  for  a wavelength  2.2  ca  during  huaidity  change 
froa  9.5  to  14o/o.  An  even  highr  sensitivity  to  huaidity  was  observed 
at  wavelength  21  ca:  Ar,=  l4— 18.  Analogous  results  are  given  in 

work  [26]. 


The  authors  [29]  undertook  an  atteapt  at  the  deternination  of 
optinua  sighting  angle  for  the  sounding  of  huaidity.  It  turned  out 
that  at  wavelength  0.97  ca  there  is  a strong  dependence  of  radio 
brightness  teaperature  froa  huaidity  at  all  sighting  angles  during 
horizontal  polarization,  but  on  vertical  - at  angles  less  than  50°. 
Soaewhat  different  sensitivity  of  the  rad*o  brightness  teaperature  to 
huaidity,  indicated  by  the  different  authors  in  the  naaed  works,  can 
be  explained  by  the  nonidentity  of  observation  conditions.  In  review 
paper  [23]  it  is  noted,  that  the  typical  sensitivity  of  radio 
brightness  teaperature  to  aoisture  is  3-5°K  per  lo/o. 


The  vast  statistical  aaterial,  obtained  as  a result  of 
treataent/working  aeasureaent  data  of  aicrowave  eaission/radiation 
froa  satellite  "Kosbos-243",  aade  it  possible  to  establish/install 
the  linear  character  of  a decrease  in  the  radio  brightness 


1 
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teaperature  with  an  increase  of  huaidity  at  wavelengths  3.4  and  8.5 
ca  during  the  aeasureaents  above  cultural  landscape  [5], 

It  should  be  noted  that  all  works  enuaerated  above  are  dedicated 
in  essence  to  the  qualitative  investigation  of  the  dependence  of 
radio  brightness  teaperature  froa  the  huaidity  of  soil.  The  authors 
of  these  works  are  not  proposed  the  deter ainaticn  of  quantitative 
coaauoication/connections  between  the  radiation  field  and  aoisture  or 
any  procedures  of  the  quantitative  deteraination  of  aoisture  content. 
However,  recently  appeared  a series  cf  the  works  in  which  are  aade 
the  atteapts  to  theoretically  or  exper inentally  solve  the  inverse 
problea  of  deteraining  the  physical  paraaeters  cf  soil  in  the  field 
of  its  theraal  emission/radiation. 

In  works  [11,  1 2],  is  theoretically  obtained  systea  of 
equations,  which  relate  the  physical  paraaeters  of  the  surface  layer 
of  soil  with  the  radio  brightness  teaperature  of  its 
eaission/radiation . Solution  to  these  equations  aakes  it  possible  to 
deteraine  the  value  of  huaidity,  gradient  of  teaperature  and  othei. 
paraaeters  of  soil  by  aeasureaent  data  of  radio  brightness 
teaperature  at  several  wavelengths  of  aicrowave  range.  Is  proposed 
the  differential  procedure  of  the  neasureaent  of  the  coaponents  of 
the  radio  brightness  teaperature,  sensitive  to  changes  sub-surface 
paraaeters  of  soil. 
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Work  [ 4 ] is  aaong  of  first  experimental  studies  into  which  is 
solved  the  reverse/inverse  problem  of  the  determination  of  moisture 
content  from  the  data  of  radiometric  measurements.  The  use  of  results 
of  the  ground-based  measurements  of  radio  emission  at  wavelength  10 
cm  made  it  possible  to  obtain  the  satisfactory  quantitative 
conformity  of  the  values  of  humidity,  determined  by  radiometric 
method  with  the  use  of  a calculated  dependence  of  the  coefficient  of 
polarization  on  humidity,  and  these  direct  measurements. 

Page  65. 

It  should  be  noted;  that  this  procedure  of  the  solution  to  the  inverse 
problem  in  question  can  be  used  only  under  conditions  of  the 
stationary  controlled/inspected  experiment,  which  assumes  knowledge 
of  the  type  of  soil  and  its  uniformity  within  the  limits  of 
effectively  radiation  layer. 

The  problem  of  the  determination  of  moisture  content  under 
natural  conditions  for  the  data  of  radiometric  measurements  becomes 
complicated  another  dependence  of  radio  emission  on  the  temperature 
of  the  medium,  and  also  of  state  and  degree  of  the  surface  roughness. 
The  roughness  of  the  surface,  the  presence  of  coverings  mask  the 
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dependence  of  radiometric  temperature  from  humidity  [28],  In 
experimental  work  [37]  is  reveal/detected  an  increase  in  the  radio 
brightness  temperature  of  the  vertically  polarized  radiation  at 
wavelength  2.2  cm  with  an  increase  of  roughness,  that  under 
conditions  of  uncontrollable  experiment  could  be  interpreted  as  fall 
in  the  humidity  of  soil. 

Effective  radiation  layer  in  microwave  range  depending  on 
wavelength  has  an  extent  fron  several  centimeters  to  meters  [22-24]. 
This  circumstance  makes  it  possible  to  assign  the  missions  of  the 
sounding  of  the  sub-surface  properties  of  the  medium,  estimation  of 
the  airfoil/profile  of  temperature  and  humidity,  since  under  natural 
conditions  the  vertical  distribution  of  the  latter  is  nonh omogeneous. 
It  is  natural  that  the  solution  of  problems  is  possible  only  on  the 
basis  of  the  use  of  results  of  the  spectral  measurements  of  radio 
brightness  temperature  [ 4,  11,  22,  23,  31  ]. 

Is  known  at  present  only  one  experimental  work  [33],  in  which  is 
undertaken  the  attempt  to  rate/estimate  the  distribution  of  a 
quantity  of  water  in  soil  according  to  depth  according  to  measurement 
data  of  radio  brightness  temperature  at  four  wavelengths  - 0.81,  2.2, 
6.0  and  21.4  cm.  By  the  authors  [33]  is  noted  a good  agreement  of 
these  radiometric  and  direct  measurements  of  humidity.  However,  as 
were  indicated  authors  themselves,  the  procedure  of  experimental 
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studies  in  soie  aeasure  "was  intuitive",  on  he  has  theoretical 
substantiation.  Purtheraore,  the  analysis  of  the  given  in  this  work 
results  of  restoring  the  airfoil/profile  of  huaidity  shows  that  the 
best  fit  with  data  of  direct  aeasureaents  is  reached  with  the 
constant  or  insignificantly  changing  in  depth  huaidity.  In  the  saae 
cases  when  huaidity  is  variable,  i.e.,  when  the  restoration/reduction 
of  its  vertical  distribution  is  most  interesting,  they  are  observed 
considerable  disagreeaents. 

As  can  be  seen  froa  survey/coverage  of  the  literature,  dedicated 
to  the  problea  of  the  deterainat ion  of  aoisture  content  from 
radioaetric  observations,  this  problem  is  complex  and  requires 
further  study.  Prom  the  viewpoint  of  theoretical  studies  of  the 
problea  of  serious  attention,  deserves  the  composite  formulation  of 
the  problea.  at  the  composite  formulation  of  th«  problen  of  a 
variation  in  the  radio  brightness  temperature  f>T.  they  are 
determined  by  changes  in  all  variable  parameters  of  equation  (5): 

fi7’,=i4e6e(tt»o)+»r6  7'+/4Il^ie.  (7) 

Page  66. 


To  evaluate  the  values  of  variations  and  effect  of  the  unknown 
paraaeters  of  the  physical  state  of  soil  you  obtained  the  analytical 
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expression  of  the  radio  brightness  temperature  cf  the  layer  of  soil 
during  a linear  with  depth  change  in  the  temperature  and  humidity 
(with  the  output  of  temperature  to  constant  value  at  certain  depth) 


where  T0  is  soil  surface  temperature  which  can  be  determined  by  the 
data  of  infrared  measurements;  dT/dz  is  an  average/mean  gradient  of 
the  temperature  in  soil,  a0  and  ax  - the  coefficients  of  the 
absorption  of  soil  of  surface  and  at  that  depth  beginning  with  which 
temperature  of  soil  it  is  possible  to  consider  constant;  a - the 
gradient  of  the  absorption  coefficient;  <D  (1/2,  3/2,  x)  is  the 
degenerate  hypergeometric  function. 

The  analysis  of  this  expression  shows  that  the  possibilities  of 
restoring  the  characteristics  of  humidity  depend  on  the  degree  of  the 
nonisothermicit y of  temperature  profile.  It  is  obvious  that  in  the 
case  of  isothermy  is  possible  only  the  determination  of  the  moisture 
content  of  near-surface  layer,  which  determines  the  emissivity  of 
soil  [4]. 

numerical  experiment  for  a series  of  the  real  airfoil/profiles 
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of  temperature  and  huaidity  confiraed  the  data  of  aodel  calculations 
and  aade  it  possible  to  draw  the  conclusion  that  the  radio  brightness 
teaperature  of  soil  aost  strongly  depends  on  the  temperature  of 
surface  and  eaissivity  of  the  soil  which  in  turn,  is  deterained  by 
the  huaidity  of  near-surface  layer.  So,  variations  in  the  radio 
brightness  teaperature  due  to  humidity  change  from  3 to  8o/o  reach 
30-40°  depending  on  wavelength,  while  the  contrasts  of  radio 
brightness  teaperature  as  a result  of  a change  in  the  deep 
airfoil/profile  of  huaidity  or  temperature  of  the  soil  by  an  order  of 
value  are  less. 


For  research  on  the  dependence  of  the  eaissivity  of  the  soil  on 
huaidity,  was  developed  the  procedure  of  the  laboratory  neasureoents 
of  the  eaissivity  which  nakes  it  possible  to  measure  the  radiation 
coefficients  of  different  surfaces  under  strictly 

controlled /inspected  conditions  [14],  Under  laboratory  conditions 
were  aade  the  measurements  of  the  radiation  coefficients  of  the 
speciaen/saaples  of  the  soils  whose  results  were  coapared  with 
calculations. 


Figures  3 depicts  calculated  curves  of  the  eaissivity  of  sand 
and  clay  depending  on  huaidity  at  wavelength  3.2  ca.  By  points  are 
noted  the  results  of  measurements  for  sand  at  the  same  wavelength.  As 
can  be  seen  fron  figure,  the  eaissivity  of  sand  is  the  strongly 
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changing  characteristic.  Hith  an  increase  in  the  huaidity  from  3 to 
15o/o#  the  eaissivity  decreases  from  0.93  to  0.65.  As  is  Known,  the 
value  of  the  coaplete  aoisture  capacity  of  sand-podzolic  soils  is 
approxiaately  20-25o/o,  eaissivity  in  this  case  at  wavelength  3.2  ca 
proves  to  be  egual  to  0.61.  Thus,  and  experiaent,  and  calculation 
they  indicate  the  considerable  dependence  of  the  enission/radiation 
cf  sand  on  its  huaidity:  contrasts  of  radio  brightness  teaperatures 
because  of  a change  in  the  eaissivity  coapose  several  dozen  degrees. 
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Pig.  3.  Dependence  of  eaissivity  on  huaidity  at  wavelength  3.2  ca  1 
sand;  2 - clay  (points  are  experiaental  values). 


Page  67. 

For  research  on  the  possibilities  of  the  reaote  indication  of 
the  characteristics  of  surface  layer*  were  made  the  investigations  of 
the  eaitting  properties  of  different  real  coverings  (table)  in  the 
range  of  wavelengths  0.8- 3. 2 ca.  Data  of  this  table  are  acquired  by 
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■eans  of  the  averaging  of  the  large  number  of  uniform  measurements, 
which  showed  that  the  eaissivity  of  the  investigated  speciaen/saaples 
changes  sufficiently  considerably.  Por  wet  and  dry  sand  is 
investigated  the  dependence  of  their  emitting  ability  on  wavelength 
and  in  this  case  it  is  reveal/detected  that  with  an  increase  in  the 
latter  the  reflection  increases.  The  effect  of  humidity  on  all 
wavelengths  is  equal:  the  eaissivity  of  the  underlying  surface 
decreases  with  an  increase  in  the  liquid-water  content. 

Thus,  the  theoretical  and  experimental  studies  of  the  field  of 
the  radiothermal  ea ission/r adiat ion  of  system  the  Earth  - the 
atmosphere,  successful  experiment  in  radiothermal  measurements  from 
ISZ  "Kosnos^UB"  show  the  prospect  of  the  methods  of  IR  radar  for  the 
remote  indication  of  the  moisture  supplies  of  atmosphere  and  upper 
layer  of  soil. 
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(9) 

TpaBHHOH  noKpoB 

(II) 

To 


/V2J  KpaTKO*  onuraHne 


Ve 


r 1 

’eHHoii,  cpejjHcH  KpynHOCTH;  noBepxHOCTb  poBHaa, 

TOJiuiHHa  cnoa  25  cm,  cyxofl 

In ) 

PeMHoii,  MOKpufi,  noBepxHOCTb  poBHau,  To.niUHHa 
, CJIOH  25  CM 

k*i 

PeMHofi,  Bjiaa<Hocrbio: 
w = 3,4% 
w = 10% 

,)w  = 14,5% 

lucoTa  rpaBU  15—20  cm,  To.imiiHa  on  os  no  mbu 
20  cm,  cyxofi 

(/•Z) 

Wok  pull,  Bbicora  rpasw  15—20  cm,  to.iwhh3  cnoa 
noMBbi  20  cm 


Nb 


d) 

A-thhb 
HTUlHbl,  CM 


/1,6 

10,8 

3,2 

1,6 

3,2 

3.2 

3.2 

3.2 

1.6 

3,2 


I 

HVlyw- 

TUkHM 

cnocoO- 

xocn 


0,933 

0,939 

0,749 

0,769 

0,927 

0.703 

0,655 

0,935 

0,961 

0,890 


Key:  (1).  the  type  of  surface.  (2).  Short  description.  (3). 
Savelength,  cm/ { 4).  Eaissivity.  (5).  Sand.  (6).  River,  average/aean 
size;  surface  even,  thickness  of  the  layer  25  ci,  dry.  (7)  . River, 
vet,  surface  even,  thickness  of  the  layer  25  ca.  (8).  River,  by 
huaidity.  (9).  The  vegetation.  (10).  Height/altitude  of  grass  15-20 
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ci,  the  thickness  of  the  layer  of  soil  20  ci,  dry.  (11).  The  sane. 
(12).  Wet,  the  height/altitude  of  grass  15-20  ci,  the  thickness  of 
the  layer  of  soil  20  ci. 
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